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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an organic electroluminescent 
element high in efficiency and long in life. 

SOLUTION: The organic electroluminescent element is constructed by 
laminating a hard coating layer 1 A. a transparent electrode layer 2. an 
organic electroluminescent layer 3, a carbon nano-tube layer 4 and a 
metal electrode layer 5 in that order on a substrate 1. The carbon nano- 
tube layer 4 is composed of a nano-tube having metallic conductivity or 

such a carbon nano-tube that n=m. or n-m is a multiple of 3 (n and m ^ K ' K ' \ ^ 

are chiral exponents), and is oriented in such a manner that an axis of \^^/y^^ 

the tube is perpendicular to a layer surface. When voltage is applied to s ^ \ ^ \^ "^^' ^ u Jvr3-^: 

such an element, a strong electric field is generated at the layer surface ^ y y V / y y / / 
(the tip of the tube) even under low voltage, whereby many electrons are 7. ' / / X / x / X /^ "'^ 
taken out of the carbon nano-tube to achieve light emission of high 
luminance. 
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3.1n the drawings, any words are not translated. 

CLAIMS 

[Claim(s)] 

[Claim 1] Organic electroluminescence devices which are organic electroluminescence devices equipped with the 
cathode which counters through an organic electroluminescence layer, and an anode plate, and are characterized 
by said cathode containing the carbon nanotube. 

[Claim 2] Said cathode is organic electroluminescence devices according to claim 1 characterized by having a 
carbon nanotube layer in said organic electroluminescence layer side. 

[Claim 3] Said carbon nanotube layers are organic electroluminescence devices according to claim 2 
characterized by the shaft carrying out orientation perpendicularly to a stratification plane. 
[Claim 4] Said carbon nanotube layers are organic electroluminescence devices according to claim 2 
characterized by the chiral characteristics n and m consisting of a carbon nanotube with which n=m or n-m 
serves as a multiple of 3. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the organic electroluminescence devices which contain an 
organic compound in a component, and relates to the organic electroluminescence devices used especially 
suitable for an organic electroluminescence (Electroluminescence) display unit. 
[0002] 

[Description of the Prior Art] In recent years, light weight and thin shape-ization is accelerating various kinds of 
indicating equipments represented by a computer, television, portable communication equipment, etc.. and 
development of a flat-panel display has been briskly promoted in connection with it. The flat-panel display excels 
the Braun tube, i.e.. CRT (Cathode Ray Tube) equipment, in luminous efficiency, and it is not only lightweight, but 
is expected as a next-generation display. Among those, current commercialization is carried out the liquid 
crystal display (LCD;Liquid Crystal Display) of a active-matrix drive method. This LCD is the display of the type 
displayed in response to the light (back light) from the exterior, without emitting light oneself, and troubles, such 
as not having sufficient high-speed responsibility with a narrow angle of visibility with the large power 
consumption of a back light, are pointed out under the environment dark in a perimeter. 

[0003] On the other hand, a back light is an unnecessary spontaneous light type flat-panel display, and the field 
emission display (FED;Field EmissionDisplay) and the organic electroluminescence display using an organic 
luminescent material have the large angle of visibility peculiar to a spontaneous light type. Moreover, it is thought 
that it is possible to aim at reduction of the further power consumption since what is necessary is just to make 
only a required pixel turn on, and it also has sufficient speed of response. FED is what accumulated the 
microscopic small electron source of micron size for every pixel, and emits light by the same principle of 
operation as CRT. Although the field emitter which emits an electron according to a field emission phenomenon 
is the closest to utilization as an electron source (cathode) of FED, about 80V and the point which should be 
improved [ be / it / high ] also have much operating voltage. 

[0004] On the other hand, an organic electroluminescence display consists of an EL element of the structure 
whose organic electroluminescence layer which consists of an electronic transportation layer, a luminous layer, 
and an electron hole transportation layer was pinched between the cathode and the anode plates which counter, 
and the electron and electron hole which are poured in from each electrode recombine it by the luminous layer, 
and it emits light. Among those, an electronic transportation layer is for conveying the electron poured in from 
cathode to a light-emitting part, and a good electronic transportation ingredient has minimum the non-occupying 
molecular orbital (LUMO;Lowest Unoccupied Molecular Orbital) whose energy level corresponds only within a 
metallic material with a low work function. Therefore, in order to make LUMO and an energy level in agreement 
as much as possible and to pour in an electron efficiently as a cathode material for organic electroluminescence 
displays, an ingredient with a low work function is desirable. 
[0005] 

[Problem(s) to be Solved by the Invention] However, generally the metallic material with a low work function is 
activity chemically. For example, although calcium (calcium) and magnesium (Mg) are in agreement with LUMO of 
the tris (8~hydroxyquinoline) aluminum (tris(8-hydroxyquinoline) aluminum;Alq3) which is an electronic 
transportation ingredient enough, there is a possibility of causing degradation of a component, by deteriorating in 
air or producing an organic material and a chemical reaction. Therefore, aluminum (aluminum) with a big work 
function etc. may be used for cathode. Although aluminum etc. is chemically stable, in order to carry out 
electron injection to LUMO of an electronic transportation layer conversely from the cathode which consists of 
these, a high electrical potential difference is needed. If operating voltage is high, ohm loss of a component 
increases, and not only effectiveness falls, but electric field strong beyond the need will promote counter 
diffusion, and parasitic recombination or a parasitic chemical reaction, and it will degrade an organic 
electroluminescence layer. Thus, although the conductivity of cathode and chemical stability affect the 
effectiveness and the life of an organic EL device, a cathode material which is satisfied with coincidence of 
these two conditions is not yet developed. 



[0006] This invention was made in view of this trouble, and the purpose is in offering efficient and long lasting 

organic electroluminescence devices. 

[0007] 

[Means for Solving the Problem] As for the organic electroluminescence devices by this invention, cathode 
contains the carbon nanotube. A carbon nanotube has the spacial configuration which rounded off GURAFIN 
(monolayer graphite) to tubed, and is the carbon material of the shape of a cylinder (tube) with a diameter [ of 
0.5nm - 10nm ], and a die length of 1 micrometer about. This carbon nanotube attracts attention with the 
diamond as an electronic ingredient of the cold cathode of FED recently. Unlike the electrode of the 
conventional thermionic emission mold, cold cathode can take out an electron, without heating, but there is the 
outstanding description that the electron beam of high intensity is acquired rather than a thermionic emission 
mold in a carbon nanotube electrode, further, for example, the field emission current density of a diamond — 104 
A/cm2 it is — although — in a carbon nanotube. it becomes two or more 106 A/cm. 

[0008] It is not necessary to constitute the organic electroluminescence devices by this invention so that this 
carbon nanotube may be included in cathode, consequently they do not need to become what was chemically 
equipped with the stable electron source while they have high field emission current density, and they do not 
need to set up operating voltage highly, and deterioration with time and degradation stop being able to produce 
them easily. 
[0009] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained to a detail with 
reference to a drawing. 

[0010] Drawin g 1 expresses the cross-section structure of the organic electroluminescence devices concerning 
the gestalt of 1 operation of this invention. On the substrate 1, these organic electroluminescence devices carry 
out the laminating of rebound ace court layer 1 A, the transparent electrode layer 2, the organic 
electroluminescence layer 3. the carbon nanotube layer 4. and the metal-electrode layer 5 to order, and are 

constituted. 

[001 1] As for a substrate 1. consisting of a transparent ingredient is desirable, and polyethylene terephthalate 
(PET;P oly (Ethylene Terephthalate).) with a thickness of about 200 micrometers is used here, for example. As a 
substrate 1, macromolecule polymer system ingredients, such as a polycarbonate (PC-oly Carbonate), 
polyolefine (PO;Poly Olefin), and a polyether ape phon (PES;Poly Eter Sulphone). and thin film glass can be used 
besides this. Moreover, rebound ace court layer 1 A is for coating a substrate 1 and raising substrate 
reinforcement, for example, consists of acrylic resin with a thickness of 6 micrometers. However, rebound ace 
court layer 1A does not necessarily need to be prepared. 

[0012] It is an anode plate, the transparent electrode layer 2 has a large work function from vacuum level, in 
order to inject an electron hole into an electron hole transportation layer efficiently, and in order to take out 
light from a substrate 1 side, it is desirable to consist of ingredients which have translucency. Specifically, the 
multiple oxide (ITO;Indium Tin Oxide) of an indium and tin, the tin oxide (Sn02), and a zinc oxide (ZnO) are 
mentioned as such an ingredient. It is desirable to use ITO from a viewpoint of productivity and a controllability 
especially, and the thickness is about 150nm. 

[0013] The organic electroluminescence layer 3 is an organic compound layer which comes to carry out the 
laminating of the electron hole transportation layer 31, a luminous layer 32, and the electronic transportation 
layer 33 to order from the transparent electrode layer 2 side, and sets the total thickness to about 1 50nm. The 
electron hole transportation layer 31 conveys the electron hole poured in from the transparent electrode layer 2 
to a luminous layer 32. as the ingredient of the electron hole transportation layer 31 — benzine, a styryl amine, a 
triphenylamine, a porphyrin, triazole. an imidazole, OKISA diazole, the poly aryl alkane, a phenylenediamine, 
arylamine, OKIZAZORU, an anthracene, and full — me — non, the monomer, the oligomer, or the polymer of 
heterocycle type conjugated system, such as a hydrazone, stilbenes. these derivatives or a polysilane system 
compound, a vinylcarbazole system compound, a thiophene system compound, or an aniline system compound, 
can be used. Specifically alpha-naphthylphenyl diamine, a porphyrin, a metal tetra-phenyl porphyrin, metal 
naphthalocyanine, 4 and 4, 4-tris (3-methylphenyl phenylamino) triphenylamine. N, N and N, N-tetrakis (p-tolyl) 
p-phenylene diamine, N, Although the N, N, and N-tetra-phenyl 4, 4-diamino biphenyl, N-phenyl carbazole, a 4-G 
p-tolylamino stilbene, Pori (PARAFENIREMBINIREN), Port (thiophene vinylene), Pori (2 and 2-thienyl pyrrole), 
etc. are mentioned It is not limited to these. 

[0014] A luminous layer 32 is a field which an electron and an electron hole are poured in from each of the 
metal-electrode layer 5 and the transparent electrode layer 2 at the time of the electrical-potential-difference 
impression by the metal-electrode layer 5 and the transparent electrode layer 2, and these electrons and an 
electron hole recombine further. Moreover, the luminous layer 32 consists of organic materials, such as an 
ingredient with high luminous efficiency, for example, a low-molecular fluorochrome, a macromolecule of 
fluorescence, and a metal complex. Specifically, an anthracene, naphthalene, a phenanthrene, a pyrene, a 
chrysene, perylene, a butadiene, a coumarin, an acridine, a stilbene, a tris (8-quinolinolato) aluminum complex, a 



bis(benzoquinolinolato) beryllium complex, and the Tori (dibenzo yimethyl) phenanthroline europium complex 
JITORUI ruby nil biphenyt are mentioned. 

[0015] The electronic transportation layer 33 is for conveying the electron poured in from the metal-electrode 
layer 5 to a luminous layer 32. As an ingredient of the electronic transportation layer 33. a quinoline, perylene, 
bis-styryl, pyrazines. or these derivatives are mentioned, for example. Specifically, tris (8-hydroxyquinoline) 
aluminum (abbreviated name Alq3), an anthracene, naphthalene, a phenanthrene. a pyrene, a chrysene. perylene. 
a butadiene, a coumarin, an acridine. stilbenes, or these derivatives are mentioned. 

[0016] Both the carbon nanotube layer 4 and the metal~electrode layer 5 function as cathode. That is, the 
carbon nanotube layer 4 mainly serves as an electron source, and the direction of the metal-electrode layer 5 
mainly bears an electric flow as a wiring electrode. 

[001 7] About the carbon nanotube layer 4, the structure of a tube, size. etc. are arbitrary, and the thickness can 
be set to 2nm - about 1 micrometer. However, the shaft of a carbon nanotube shall carry out orientation 
perpendicularly to a stratification plane, and it shall consist of a countless point of the carbon nanotube with 
which a stratification plane stands close together here. Although the work function was considered as abolishing 
the energy-level difference in an interface with the electronic transportation layer 33 in the conventional 
electron source (cathode) in order to emit an electron efficiently, he is trying to raise the electron emission 
ability itself by the configuration and orientation of an ingredient with the gestalt of this operation. 
[0018] Furthermore, although a metallic thing and what with exist in a carbon nanotube by the difference in a 
valence state, it is more desirable to be conductive good structure here. [ like a semi-conductor ] By the way. 
the structure of a carbon nanotube is determined by the chiral vector. The chiral vector supports the equator of 
the cylinder side of a tube, and is a two-dimensional grid vector of GURAFIN which develops [ centering on a 
tube ] and is obtained exactly. Therefore, a chiral vector is principal lattice vectors a1 and a2. It is expressed as 
linear combination na1+ma2 = (n, m). (n, m) are called a chiral characteristic, and at the time of n=m, at an 
armchair mold tube and the time of m= 0. it becomes a zigzag mold tube, and when other, they become a chiral 
mold tube. Thus, although a chiral vector determines the spacial configuration of a tube uniquely, it is also 
governing the band condition of a carbon nanotube to it and coincidence. That is. the electronic state is the 
assembly of the single dimension energy band distributed to the linearity of N individual (number;N of the unit 
cell of the hexagon of the graphite contained in the unit cell of a tube is the function of n and m) which imposes 
the periodic boundary condition of a tube on the two-dimensional electronic state of GURAFIN, and is obtained, 
and metallic and when one of the discrete wave numbers of N individual of the direction of the equator comes to 
the degenerating point of the Fermi energy, and not coming to a degenerating point, a gap opens it and it serves 
as a semi-conductor. It is shown that the regulation (1/3 rules) will serve as a metal, otherwise, a semi- 
conductor if n-m is the multiple of 3, and, in the case of an armchair mold tube (n=m), all are metals. Therefore, 
it is desirable to use an armchair mold tube or a nanotube with which n-m serves as a multiple of 3 here. 
[0019] The metal-electrode layer 5 is formed in order to compensate the conductivity of the carbon nanotube 
layer 4. and it mainly has the function as a wiring electrode. As such an ingredient, aluminum (aluminum), silver 
(Ag), gold (Au). copper (Cu), etc. are mentioned, for example. These metals may be used alone, or may raise and 
use stability as an alloy with other metals. In addition, thickness of the metal-electrode layer 5 is set to lOOnm. 
[0020] The organic electroluminescence devices which have such a configuration are the following, and can be 
made and manufactured. 

[0021] First, coating is carried out by rebound ace court layer 1 A which consists of acrylic resin with a thickness 
of 6 micrometers, for example, for example, the substrate 1 which consists of a PET with a thickness of 188 
micrometers is prepared. On rebound ace court layer 1A of a substrate 1, sequential formation of following each 
class is carried out. First. ITO is formed in the thickness of 1 50nm for example, by reactant DC sputtering as a 
transparent electrode layer 2. 

[0022] Subsequently, the organic electroluminescence layer 3 is formed on the transparent electrode layer 2. 
The organic electroluminescence layer 3 is formed by the vacuum deposition method by forming the electron 
hole transportation layer 31, a luminous layer 32, and the electronic transportation layer 33 in this order, that 
time — for example, as an electron hole transportation layer 31, 4 and 4' bis[ - ] [N-(naphthyl)-N-phenylamino] 
biphenyl (alpha-NPD) is used as a luminous layer 32, and tris (8-hydroxyquinoline) aluminum is used for 4, 4, and 
4-tris (3-methylphenyl phenylamino) triphenylamine (m-MTDATA) as an electronic transportation layer 33, 
respectively. In this way, total thickness of the organic electroluminescence layer 3 obtained is set to 150nm. 
[0023] then, the organic electroluminescence layer 3 top — for example, CVD (Chemical Vapor Depositin) — the 
carbon nanotube layer 4 is formed using law. In addition, as a manufacturing method of a carbon nanotube, 
although there are an arc discharge method, the laser ablation method, etc., compared with these, a CVD 
method can be mass-produced, can be comparatively manufactured at low temperature, is excellent in the point 
that orientation control is possible, and desirable. 

[0024] Moreover, although metal catalysts, such as cobalt (Co), are used for nanotube generation in a CVD 
method, as for this catalyst, it is indispensable that it is a particle. It is desirable to prepare a metal particle by 



the reversed micelle method in such a metal particle and a list, although the preparation approach may be what 
kind of thing. By returning a metal ion in the very small space surrounded by the surface active agent, a reversed 
micelle method is the approach of compounding a metal nano particle, and is an approach well used for nano 
particle composition of gold or silver. In this way. the carbon nanotube layer 4 the shaft is carrying out [ the 
layer ] orientation perpendicularly to the stratification plane is formed by carrying out the cast of the particle of 
the metal catalyst acquired on a substrate, for example, supplying the dilution gas of acetylene and making it 
react. In addition, if the catalytic liquid obtained by the reversed micelle method is stable in atmospheric air, and 
is easy handling and it combines with screen printing or an ink jet printer, it can respond also to formation of a 
up to [ large-area-izing of a component, patterning, and a curved surface ]. 

[0025] Furthermore, the metal-electrode layer 5 with a thickness of lOOnm it is thin from aluminum using a 
vacuum deposition method is formed on the carbon nanotube layer 4. Thus, organic electroluminescence devices 
are produced. 

[0026] In these organic electroluminescence devices, an electron hole and an electron are mainly poured in from 
the carbon nanotube layer 4 with the transparent electrode layer 2, respectively by impressing a predetermined 
electrical potential difference between the transparent electrode layer 2 and the metal-electrode layer 5. These 
electron holes and an electron are conveyed to a luminous layer 32 through the electron hole transportation 
layer 31 and the electronic transportation layer 33. and when these recombine, luminescence takes place. Here, 
since it had the carbon nanotube layer 4 which has a stacking tendency as an electron source, electric field 
strong against a stratification plane (tube point) arise also by the low battery, and since many electrons are 
picked out from a carbon nanotube, luminescence serves as high brightness. For example, it is brightness 104 
cd/m2, using operating voltage as 8V. Light can be made to emit. 

[0027] Thus, in the gestalt of this operation, since the carbon nanotube layer 4 was formed as an electron 
source of organic electroluminescence devices, even if it is low operating voltage, sufficient quantity of a field 
emission electron is obtained, and high brightness-ization of a component can be attained. Moreover, with the 
gestalt of this operation, since the shaft of a tube was made to carry out orientation of the carbon nanotube 
layer 4 to a stratification plane perpendicularly, an electron can be taken out more effectively. 
[0028] Moreover, since the stable carbon nanotube layer 4 was chemically formed so that the electronic 
transportation layer 33 might be touched, degradation by both chemical reaction is prevented. 
[0029] As mentioned above, although the gestalt of operation was mentioned and this invention was explained, 
this invention is not limited to the gestalt of the above-mentioned implementation, and can deform variously. For 
example, you may make it the configuration of organic electroluminescence devices insert and add various kinds 
of stratum functional, such as preparing a protective layer for degradation prevention etc. not only on a thing 
but on the metal-electrode layer 5 explained with the gestalt of the above-mentioned implementation. However, 
as for a carbon nanotube layer, it is desirable to prepare so that an electronic transportation layer may be 
touched also in such a case. Incidentally, a protective layer can close organic electroluminescence devices, can 
intercept oxygen and moisture, and can form them by silicon oxide (SiOx), silicon nitride (SiNx), the aluminum 
oxide (AlOx). alumimium nitride (AINx). etc. 
[0030] 

[Effect of the Invention] Since cathode contains the carbon nanotube according to the organic 
electroluminescence devices given in any 1 term of claim 1 thru/or claim 4 as explained above, the amount of 
the electron which can be picked out from cathode increases. Therefore, it becomes possible to obtain 
luminescence of the high brightness in low operating voltage. Moreover, since cathode consists of stable 
ingredients chemically, deterioration with time and degradation are prevented and can carry out reinforcement. 
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DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[ Drawin g 1] It is a sectional view showing the outline configuration of the organic electroluminescence devices 
concerning the gestalt of 1 operation of this invention. 
[Description of Notations] 

1 [ — An organic electroluminescence layer 31 / — An electron hole transportation layer, 32 / — A luminous 
layer, 33 / — An electronic transportation layer, 4 / — A carbon nanotube layer, 5 / — Metal-electrode layer ] 
— A substrate, 1 A — A rebound ace court layer. 2 — A transparent electrode layer, 3 

[Translation done.] 
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h'J7y-;k ^++l-i>*7v^ 
^-H';7'J-;l/7yU*>'. 7xxb>'i;7^>. 7 
'J-;l/7~>. ;j-+-«fy-;l/. 7>h5-b>. 7;I/Ji-b 
yy. tK7V^>, fei.t/>{ii:ne.<0^© 
S/c:(i. vl^'Ji/^y^Sfk^*?!). t:::i;l/*;WV/-;l/ 

iSft^??!!. ^:i-yjLymt^^s>^^^ii7~vyikit^ 
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5l^'Jv-*ffll^5C^:A^T•t5o «f*«lC{i, a— f7 
5';l/7xx;U->'7?y. 4^;l'7i"J>. ^^■fH^7x 
x;W-}f;l/7-i"J>, ^®-t7^n>'7:^>. 4, 4, 4 
-h'JX (3-p<^;U7xr.;l/7xx;U75y) hU7 
xx;l/75>', N. N. N. N-r h^+X (p- h U 
;l/) p-7x-b>>'7^ >, N, N, N. N-rh^ 
7x-;l/4, 4 -i/75y H'7xx;l/. N-yjL-)\^tl 

4-i^-p-hU;l'7^/7>f-;l/'0. 
U Oi^yx-\yy\:^-\yy) , (5';i-7x>trx 
U» , 4<'J (2, 2-^xzi;H:fp-;l/) mti^f^ 

n^tiK cn^icm^tn%>i,<oxii^jn^\ 
[0 0 14] ^ytm3 2ii. ^mnmm5:tsi:tfmmn 

mm 2 fc J; 5 MEWiiamic . ^S«ffiH 5 43 ct t/SBfltt 

y, tyiivy, yx-fyhuy. ^u-try, 
'^'jbx 7^'>''x>, ^-^vy, 7^ x^;i/ 
'^y. hux (s-^yuy^h) 7;i/^x7i:.fgi*. 
ex C'^vi/^/uy^h) '^uu^Am. 

^yV4)l:<'f)l) 7x-t>haU>a-De7Am 

h ;1/ 1' ;l/ tf x;Hf 7 X x;!/;?) W 6 n § o 
[0 0 15] «^I«5MS3 3a, ^Htt®Ji5*>?.?iA 
$n-i)ffl?^fS7feM 3 2 {C^ilir§rc46©tcD-C-S^o 

i**We.n§o *{*6^»i:{±> h 'J X ( 8 - 1 K a+>/ 
^/Vy) 7;U5x>^A (BS?^;A l q:, ) , 7>l-5-fe 

y, i-y^'jy, yxtyhuy, i'U-by, 

^V\yy. -T^i/:x.y, ^'VUX 7^'JS'*y, Xf-;l/ 
[0 0 16] *-4<'>:f-yf-a-7S4 4oc};D'^gttS 
•ty^i-7S4{4±Jc«?jgi:*0, ifeS«M50 

-n\t. ixzwrnrntx^xmrnmrn^^o. 

[0 0 17] *-.t>>ty^a-7Ji4tCOC^T(4. ^ 
^tf 2 nm~l /imSJg^-rSCi:*^Tt5o dt. C 
|p]tcE[6]L. )lffiA^tti-r-5*-4<>:>-yf-a-7cO« 

i:OWffiti:43tJ 5x;|^;l/4^-»^{!ill^* < -r cfc 9 (t^M 
Wi^nm.-^nx^^fzfiK *||)KB<OJB®.T'(i c 9 fc L 
tt^4<DJB«i:Ei6llc<fc»)S?ttaifili(**lpl±^-& 

[0 0 18] MtC, A-.K>:>-yf-a-7{c(i. ffi'l^ 



5 

i^hJla, . 32 cDi^ffJIS^na. +maj = (n. 
m) i:LT^?n5o (n. m) Itfj-fyJimWitmS 
tlx n=m(^)iltti:a7-A^x7§y^a-:r. m=0 

^(7)^iMiJ (1/3MI)) ti. n-m 
i:i:^?^tTfct). 7-Af-x7Sf-a.-y (n=m) 

[0 0 19] ^S°11iS5{i. 

T(i. 7;U5::i'i'A (A 1 ) , ffi (Ag) , ^ 

(Au) . ^ (Cu) tji^ti^mf^n^o cn^(D^m 
[0 0 2 0] c(Dj:orj:mf&^^t^^mm^^ytm^ 

[0 0 2 1 ] $-r\ 6 11 m<D7 V )\ymmf)^ 

5)^5>'N-Hn-hg 1 Atc<}:t»:i— r-i'yi'*$nTt/'' 
5. mtf)?? 1 8 8 /im<DP E T*^e.:&5»« 1 

tf, glSISDCJ^/^y^'J^ytCfcO. 110*150 

[0 0 2 2] :^i>T% mmmmm2(o±K^mm^^yt 

^(c(i. iE7Llii)2^®3 i i:LT4. 4. 4-h 

(3-;<f-;l/7x::i;l/7x-;l/7^/) hU^x:::. 
;l/75> (m-MTDATA) *, %JtM32i:LT 
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4. 4' -e;^ [N- -N-7xX;b75 
/] tr7xx;l/ (a-NPD) 3 3 i: L 

ThUX (8-1: KD:^^>':^^/U» 7;U = -'>i:>*^ 

n^-'txffl(.>§o c o Lxn^n^Mms.nwitm3<Dm. 

If {4. ^JA{f 1 5 Qnmtir^o 
[0 0 2 3] m^^X. WlWfi5tB3±{c. C?J^«C 
VD (Chemical Vapor Depositin) j£*fflt^T*-#y 
:^/^a-7■®4*Jg^•r5o ^«ct,*-#>:>-/ 

[0 0 2 4] tfc, cvD?^^c^3^^■5:^y^a-74fi!^ 
tcti. ^j^{f3/^;i/h (Co) rjinay-^mmmmy^^^ 

T-fe o T t cfc i,^*^ ^s?Sif4?%a5 ^■t)imcx*) mm 

tnrcWP^^m<o^JX'^m-^ty^mTct^ctic.i. 
20 ^x^mi-yn'f^-^!ii.-r^:fimx&Os ^^pmcoi-y 

■t^uy(D^m^'x^m^LXRitt-^^ctici:>j. 
$fi*^Hliti: W LSilTi l^Jc E|S] b T I. ^ 5 - > -f y f- 
a-7a4A^}g^*n5o **5, jSfiS-b^l/ftT'fifcttjlg 

30 [0 0 2 5] MIC, A-'tvy-^y^jL-7®4±t. m 

x{4\ K35^«)£*ffll^TA 1 <i;t)*§jf$ l 0 0 nm 

[0 0 2 6] ii(o^mm^^ytm=Fxii.. mmmmmz 
t^mmmm 5 t(DmcpHm(Dn&f}^ma-^n^ ctic 
cto, mmmmmzt. ^icii-t^yi-y^oL-rmA 

?LfcctQ*tt^«, iE?L$iiMB3 1 tsxijrm^mmm3 3 
^■ftLxnftm3 2icwMtn. cin^ti^nf^^t?>c 

40 i:tci0587tA^fii:5o ccT'ti, S^i^i: bTffiiSjtt 
(Dfe ^ *->t: y ^a -7^ 4 *(i^ 5 J; a bfc<r) 
T% fgSE-etS® (5^i-7"5feffigP) {ca?Si^-ll?*^ 

41:. *-#>:^y^a-7"*^e>^<<Dii^*^5?om^ 

[0 0 2 7] co<i;-p(c. *||)5g(Off^^Ji:fea>T{4. W 

50 ^iim(om^miiim=Ffim^n. m^(0Mmmit^m^ 



(5) 



=j-3.-7mAii=j-a.-y(Dmi)mmicmByiifmcmf^t 
Set 9 ic Lrc<ox\ J; t)aswtc®^^^© omctff' 

[0 0 2 8] tZ-c, ft¥WlC$^**-.t^:/-:^/^a- 

7® 4 3 3 (c^-r s J; o icmim(Dr\ m 

[0 0 2 9] ^SS<DJBffi*^lfT*^B^*Si0^b 

t^^(Dr'h>?. mit'r^m (s i o« ) . ^ 
it'r-cm (s i N. ) . mit7}i^-'>i. (A I * 
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0. ) . mtT)l^-'^L (A 1 N. ) a^iCjiiOBfS. 
[0 0 3 0] 

[?5^tD|ft^] 

3 1 •••IE7L«ill«, 3 2-fl7l£li. 
3 3 - 'a?^3Mg. 4 - ••*-.t>:/:^/^^-r», 5 -- 



[01] 



4 *-r>t/fa-7'ii 



I 




3 miAnn^iitm 




1 Stf 



